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(67)  There are provided a granular adhesive agent

thatthe solid particles include fine particles witha number

including a core portion and a shell portion, wherein the
core portion including an adhesive composition and the
shell portion is formed from solid particles, and a method
for producing a granular adhesive agent. It is preferred

Fig.1

average particle diameter of less than or equal to 500
pmas the main component. The granular adhesive agent
according to the presentinvention is excellent in handling
properties.

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 112 435 A1 2

Description
TECHNICAL FIELD

[0001] The presentinvention relates to a granular ad-
hesive agent.

BACKGROUND ART

[0002] In general, adhesive agents are classified into
a drying/solidification-type adhesive agent, a chemical
reaction-type adhesive agent, a heat melting-type adhe-
sive agent and a pressure sensitive-type adhesive agent
depending on the solidification method. The drying/so-
lidification-type adhesive agent is an adhesive agent
cured by the vaporization of water or a solvent in the
adhesive agent. The chemical reaction-type adhesive
agent is an adhesive agent cured by the chemical reac-
tionin a liquid compound. Examples of an adhesive agent
of the chemical reaction-type adhesive agent include an
adhesive agent cured by the reaction between a main
agent and a curing agent, an adhesive agent cured by
the reaction between a main agent and moisture (free
water) on the surface of an adherend member, an adhe-
sive agent cured by shutting off the air, an adhesive agent
cured by being irradiated with ultraviolet rays, and the
like. The heat melting-type adhesive agentis an adhesive
agent which is in a solid state at ordinary temperature
but is made into a liquid state by being applied with heat,
then, allowed to solidify by being cooled, and is allowed
to stick to an adherend member. The pressure sensitive-
type adhesive agent is an adhesive agent which main-
tains the adhesive strength to an adherend by virtue of
the tackiness of the adhesive agent.

PRIOR ART DOCUMENT
NON-PATENT DOCUMENT

[0003] Non-PatentDocument 1:"PURO WO MEZASU
HITO NO TAME NO SETTYAKU GIJYUTU KYOHON
(Textbook of Adhesion Technique for People Aiming to
be Professional)" edited by The Adhesion Society of Ja-
pan, published on June 2009, by Nikkan Kogyo Shimbun
Ltd.

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0004] Since the drying/solidification-type adhesive
agent and the chemical reaction-type adhesive agent are
liquids, at the time of handling, these adhesive agents
should not be allowed to come in contact with a person’s
skin. Although the heat melting-type adhesive agent is
allowed to come in contact with a person’s skin at the
time of handling, the adhesive agent requires a heat
source since heating is required at the time of adhesion,
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and furthermore, the adherend is required to have a heat
resistance. Although the pressure sensitive-type adhe-
sive agent is also allowed to come in contact with the
skin at the time of handling, the adhesivity is lowered
after once touched by a person’s skin, and moreover, the
adhesive agentrequires a supporting base material when
formed into a tape-like shape to be used. An adhesive
agent which is excellent in handling and is different from
such a conventional adhesive agent has been desired.

MEANS FOR SOLVING THE PROBLEMS

[0005] The present invention includes the following
configuration.

[1] A granular adhesive agent including a core por-
tion and a shell portion, wherein the core portion
comprises an adhesive composition and the shell
portion is formed from solid particles.

[2] The granular adhesive agent according to [1],
wherein the solid particles comprises hydrophobic
fine particles.

[3] The granular adhesive agent according to [1] or
[2], wherein the shell portion is formed from solid
particles with a number average particle diameter of
less than or equal to 500 pm.

[4] The granular adhesive agent according to any
one of [1] to [3], wherein the shell portion is formed
from solid particles comprising fine particles with a
number average particle diameter of less than or
equal to 500 wm as the main component.

[5] The granular adhesive agent according to any
one of [1]to[4], wherein the contact angle of adroplet
of the adhesive composition or a liquid droplet com-
prising the adhesive composition on the surface of
agglomerated fine particles is greater than or equal
to 90°.

[6] The granular adhesive agent according to any
one of [1] to [5], wherein the fine particles are fine
particles having no adhesive force under an atmos-
phere of 30°C.

[7] The granular adhesive agent according to any
one of [1] to [6], wherein the fine particles have a
number average particle diameter of greater than or
equal to 10 nm and less than or equal to 500 pm.
[8] The granular adhesive agent according to any
one of [1] to [7], wherein the maximum width of the
granular adhesive agent is greater than or equal to
100 wm and less than or equal to 50 mm.

[9] The granular adhesive agent according to any
one of [1] to [8], wherein the volume of the adhesive
composition is greater than or equal to 15 pL and
less than or equal to 5 mL.

[10] The granular adhesive agent according to any
one of [1] to [9], wherein the fine particles are fine
particles of an inorganic substance.

[11] The granular adhesive agent according to any
one of [1] to [9], wherein the fine particles are fine
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particles of an organic substance.

[12] The granular adhesive agent according to any
one of [1] to [11], being dried.

[13] The granular adhesive agent according to any
one of [1] to [13], wherein the adhesive force is de-
veloped by being applied with a stress.

[14] A method for producing a granular adhesive
agent including the following steps (1) and (2) of;

(1) bringing a liquid droplet comprising an adhe-
sive composition into contact with solid particles,
and

(2) covering the whole outer surface of the liquid
droplet comprising an adhesive composition
with the solid particles.

[15] The method for producing a granular adhesive
agent according to [14], further including the step (3)
of;

(3) drying the liquid droplet, the whole surface
of which is covered with the solid particles, com-
prising an adhesive composition.

[16] The method for producing a granular adhesive
agent according to [14] or [15], wherein the solid par-
ticles are composed mainly of fine particles with a
number average particle diameter of less than or
equal to 500 pm.

[17] A granular adhesive agent which allows the ad-
hesive force to be developed by being applied with
a stress, the granular adhesive agent having solid
particles with an outer surface having no adhesive
force.

[18] The granular adhesive agent according to [17],
wherein fine particles included in the solid particles
have a number average particle diameter of greater
than or equal to 10 nm and less than or equal to 500
pm, and the maximum width ofthe granular adhesive
agent is greater than or equal to 100 pm and less
than or equal to 50 mm.

[19] A film which is formed by spreading out a gran-
ular adhesive agent according to any one of [1] to
[13] on a plane and applying a stress to the granular
adhesive agent.

[20] A coating film which is formed by curing a film
according to [19].

EFFECT OF THE INVENTION

[0006] The granular adhesive agent according to the
present invention is excellent in handling.

BRIEF DESCRIPTION OF THE DRAWING

[0007] Fig. 1 is a schematic view showing a granular
adhesive agent according to the present invention.
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MODE FOR CARRYING OUT THE INVENTION

[0008] The granular adhesive agent according to the
present invention (hereinafter, sometimes referred to as
the present adhesive agent) is an adhesive agent includ-
ing a core portion comprising an adhesive composition
and a shell portion formed from solid particles. Prefera-
bly, the solid particles include fine particles with a number
average particle diameter of less than or equal to 500
pm as the main component. Preferably, the present ad-
hesive agent is an adhesive agent which allows the shell
portion to collapse by being applied with a stress and
then allows the adhesive force to be developed.

[0009] Moreover, the present adhesive agentis an ad-
hesive agent which has no adhesive force in a state of
not being applied with a stress and allows the adhesive
force to be developed by being applied with a stress, and
is an adhesive agent having solid particles with an outer
surface having no adhesive force. In the present descrip-
tion, the outer surface means the outermost surface of
the core portion, namely, the critical surface exposed to
the air, and is sometimes referred to simply as "the sur-
face" in the present description.

<Core Portion, Adhesive composition>

[0010] Inthe granular adhesive agent according to the
presentinvention, the core portion is a portion constituted
of an adhesive composition. Examples thereof include a
droplet of the adhesive composition, a liquid droplet in-
cluding the adhesive composition described below, a
droplet prepared by removing part of water or a solvent
included in the liquid droplet, or the like. Examples of the
adhesive composition include a drying/solidification-type
adhesive agent, a chemical reaction-type adhesive
agent, a pressure sensitive-type adhesive agent, or the
like. The adhesive composition may be the adhesive
agent itself.

[0011] Drying/solidification-type adhesive agents are
classified into a solvent-based adhesive agent, a water-
based adhesive agent and an emulsion-based adhesive
agent. The solvent-based adhesive agent is a type of an
adhesive agent which allows a polymer to be dissolved
in an organic solvent and allows the organic solvent to
be evaporated to solidify. Examples of the polymer in-
clude chloroprene-based rubber, styrene/butadiene-
based rubber, nitrile-based rubber, natural rubber, a vinyl
chloride-based resin, a vinyl acetate-based resin, an acr-
yl-based resin, a urethane-based resin, and the like.
[0012] Examples of the organic solvent include tolu-
ene, normal hexane, ethyl acetate, methyl ethyl ketone,
acetone, methanol, tetrahydrofuran, xylene, cyclohex-
anone, and the like.

[0013] The water-based adhesive agentis a type of an
adhesive agent which allows a water-soluble polymer to
be dissolved in water and allows the water to be evapo-
rated to solidify. Examples of the water-soluble polymer
include natural macromolecules such as starch and glue,
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dextrin, a polyvinyl alcohol-based resin, a polyvinyl pyr-
rolidone-basedresin, and the like. The water may be pure
water, and may include impurities in an amount compa-
rable to the amount thereof contained in tap water.
[0014] The emulsion-based adhesive agent is an ad-
hesive agent which allows polymer particles stabilized
by the action of an electrostatic stabilization effect or a
steric stabilization effect to be dispersed in a dispersion
medium, and is a type of an adhesive agent which allows
the dispersion medium to be evaporated to solidify. Ex-
amples of a polymer constituting the polymer particle in-
clude a vinyl acetate-based resin, a (meth) acryl-based
resin, a vinylidene chloride-based resin, an epoxy-based
resin, a urethane-based resin, an olefin-based resin, a
polyester-based resin, a natural rubber-based resin, a
styrene/butadiene-based resin, a chloroprene-based
resin, and the like. Examples of the dispersion medium
include water and an organic solvent, and examples of
the organic solvent include organic solvents that are the
same as those described above.

[0015] The chemical reaction-type adhesive agent is
an adhesive agent which allows one or more kinds of the
adhesive component to undergo a chemical reaction by
an external stimulation such as heat and light to solidify.
[0016] Examples of the chemical reaction-type adhe-
sive agent include an epoxy-based adhesive agent con-
taining an epoxy resin and a curing agent, a poly-
urethane-based adhesive agent containing polyisocy-
anate and a polyol, a urea resin-based adhesive agent
containing urea and formaldehyde, a melamine resin-
based adhesive agent containing melamine and formal-
dehyde, a phenol resin-based adhesive agent containing
phenol and formaldehyde, and the like.

[0017] Moreover, a photocuring type epoxy-based ad-
hesive agent, an acryl-based resin adhesive agent, an
anaerobic type acryl-based adhesive agent, a two-pack
curing type acryl-based adhesive agent called an SGA,
a cyanoacrylate-based moisture-curing type adhesive
agent, and the like are also exemplified as the chemical
reaction-type adhesive agent. In the chemical reaction-
type adhesive agent, as well as these adhesive agents,
water or a solvent may be contained, and these adhesive
agents may be dissolved in water or an organic solvent
and may be dispersed therein. Examples of the organic
solvent include organic solvents that are the same as
those described above.

[0018] The pressure sensitive-type adhesive agent is
an adhesive agent which allows the adhesive force to be
developed by virtue of the tackiness of the adhesive
agent, and inthe pressure sensitive-type adhesive agent,
a polymer such as a (meth)acryl-based resin, a rubber-
based resin or a silicone-based resin is usually con-
tained. In the pressure sensitive-type adhesive agent, as
well as these adhesive agents, water or an organic sol-
vent may be contained, and these adhesive agents may
be dissolved in water or an organic solvent and may be
dispersed therein. Examples of the organic solvent in-
clude organic solvents that are the same as those de-
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scribed above.

[0019] In the adhesive composition, other ingredients
may be contained. Examples of other ingredients include
metal fine particles, metal oxide fine particles, conductive
fine particles, ionically conductive fine particles, an ionic
compound having an organic cation or anion, a silane
coupling agent, a crosslinking catalyst, a weather-resist-
ant stabilizer, a tackifier, a plasticizer, a softening agent,
a dye, a pigment, an inorganic filler, a resin other than
the polymers, light diffusible fine particles such as organic
beads, and the like.

[0020] The volume of the core portion constituted of
an adhesive composition is preferably greater than or
equalto 15 pL andless than orequalto 5 mL. The volume
thereof is more preferably greater than or equal to 30 pL
and further preferably greater than or equal to 50 L.
Moreover, the volume thereof is more preferably less
than or equal to 3 mL and further preferably less than or
equal to 2 mL.

<Shell Portion, Particles>

[0021] The shell portion in the present invention is a
portion formed from solid particles, and is a portion cov-
ering the core portion. Preferably, the shell portion is a
portion formed from an agglomerate of solid particles.
The shell portion is preferably a portion covering the core
portion without having a clearance of greater than or
equal to 500 wm, is more preferably a portion covering
the core portion without having a clearance of greater
than or equal to 100 wm and is further preferably a portion
covering the core portion without having a clearance of
greater than or equal to 5 pm.

[0022] Itis preferred thatthe shell portion in the present
adhesive agent be formed from solid particles with a
number average particle diameter of less than or equal
to 500 wm, and itis more preferred that the solid particles
forming the shell portion in the present adhesive agent
include fine particles with a number average particle di-
ameter of less than or equal to 500 pm as the main com-
ponent. Moreover, the solid particles include the fine par-
ticles preferably in an amount of 50 to 100% by mass,
more preferably in an amount of 70 to 100% by mass
and further preferably in an amount of 90 to 100% by
mass. For example, such a shell portion is obtained by
a method of forming a shell portion from solid particles
with a number average particle diameter of less than or
equal to 500 pm, a method of forming a shell portion from
solid particles composed mainly of fine particles with a
number average particle diameter of less than or equal
to 500 wm, or the like.

[0023] The contact angle of a droplet of the adhesive
composition or a liquid droplet containing the adhesive
composition on the surface of agglomerated fine particles
is usually greater than or equal to 90°, preferably greater
than or equal to 100°, more preferably greater than or
equal to 110° and further preferably greater than or equal
to 120°. Moreover, the contact angle therewith is prefer-
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ably less than or equal to 170° and more preferably less
than or equal to 160°. The granular adhesive agent hav-
ing such a contact angle is preferred because the ad-
sorption between solid particles forming the shell portion
and adroplet of the adhesive composition or aliquid drop-
let containing the adhesive composition is facilitated, and
moreover, the morphological stability of the present ad-
hesive agent is enhanced.

[0024] The contact angle of a droplet of the adhesive
composition or a liquid droplet containing the adhesive
composition on the surface of agglomerated fine particles
can be determined by uniformly spreading out fine par-
ticles with no clearance on a horizontal plane and then
allowing a liquid droplet containing the adhesive compo-
sition to be quietly set down thereon to be measured us-
ing a contact angle meter. The contact angle refers to an
angle that, when a tangential line is drawn from a junction
of a fine particle portion, a droplet of the adhesive com-
position or the liquid droplet and the gas (air) to a curved
surface of the droplet of the adhesive composition or the
liquid droplet, this tangential line forms with the solid sur-
face, and can be determined in accordance with JIS R
3257:1999. As the contact angle meter, a commercially
available one can be used, and examples thereof include
the product name "SIimage 02" available from Excimer
Inc.

[0025] The fine particles are fine particles having no
adhesive force preferably at a temperature of 30°C. The
fine particles are fine particles having no adhesive force
more preferably at a temperature of lower than or equal
to 40°C, further preferably at a temperature of lower than
or equal to 50°C and still further preferably at a temper-
ature of lower than or equal to 80°C.

[0026] In the present description, having no adhesive
force refers to having an adhesive force allowing the tack
value to become less than or equal to 0.1 N when meas-
ured by a probe tack test under the following condition
using a commercially available apparatus. The tack value
refers to the maximum stress measured by the probe
tack test under the following condition. Examples of the
commercially available apparatus include the probe tack
tester with a thermostatic chamber (product name "TE-
6002") available from TESTER SANGYO CO.,LTD., and
the like.

<Measurement conditions>
[0027]

Probe tack tester: probe tack tester with a thermo-
static chamber

Speed at the time of bringing a tackiness agent into
contact with a probe: 10 mm/second

Contact time: 30 seconds

Releasing speed: 10 mm/second

[0028] The glass transitiontemperature (Tg) of the fine
particle is preferably higher than or equal to 40°C, more
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preferably higher than or equal to 50°C and further pref-
erably higher than or equal to 80°C.

[0029] When Tg is lower than the above lower limit,
the granular adhesive agentis not preferred because the
shell portion allows adhesive force to be developed by
the change in the external environment and the adhesive
agent sometimes becomes poor in handling.

[0030] The softening temperature of the fine particle is
preferably higher than or equal to 40°C, more preferably
higher than or equal to 50°C and further preferably higher
than or equal to 80°C.

[0031] When the softening temperature is lower than
the above lower limit, the granular adhesive agent is not
preferred because the shell portion allows adhesive force
to be developed by the change in the external environ-
ment and the adhesive agent sometimes becomes poor
in handling.

[0032] The decomposition temperature of the fine par-
ticle is preferably higher than or equal to 40°C, more pref-
erably higher than or equal to 50°C and further preferably
higher than or equal to 80°C.

[0033] When the decomposition temperature is lower
than the above lower limit, the granular adhesive agent
is not preferred because the present adhesive agent al-
lows adhesive force to be developed by the change in
the external environment and the adhesive agent some-
times becomes poor in handling.

[0034] The number average particle diameter of fine
particles is usually greater than or equal to 10 nm and
less than or equal to 500 wm, preferably greater than or
equal to 10 nm and less than or equal to 800 nm and
more preferably greater than or equal to 20 nm and less
than or equal to 500 nm. When the number average par-
ticle diameter of fine particles falls within the above-men-
tioned range, the granular adhesive agent is preferred
because the stability thereof in the atmosphere is more
enhanced.

[0035] The number average particle diameter is a par-
ticle diameter determined from the circle equivalent di-
ameter calculated by a microscopic method, and can be
measured by analyzing an image obtained by micro-
scope observation with software in a digital microscope
and the like. Examples of the software in a digital micro-
scopeinclude the product name "Motic Images Plus 2.2s"
available from SHIMADZU RIKA CORPORATION. Ex-
amples of the microscope include an electron micro-
scope, an optical microscope, or the like, but the micro-
scope needs only to be appropriately selected according
to the solid particles used. The magnification at the time
of observation needs only to be appropriately selected
according to the particle diameter of the solid particles
used.

[0036] Preferably, the fine particles are fine particles
of an inorganic substance or fine particles of an organic
substance.

[0037] Examples of the fine particle of an inorganic
substance include talc, clay, kaolin, silica, hydrotalcite,
diatomaceous earth, magnesium carbonate, barium car-
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bonate, calcium sulfate, calcium carbonate, magnesium
sulfate, barium sulfate, barium titanate, aluminum hy-
droxide, magnesium hydroxide, calcium oxide, magne-
sium oxide, titanium oxide, zinc oxide, silicon oxide, alu-
mina, mica, zeolite, glass, zirconia, calcium phosphate,
metals (gold, silver, copper, iron), carbon materials (a
carbon nanotube, fullerene, graphene, graphite), and the
like. Moreover, the surface of these fine particles may be
subjected to surface modification with a surface modifier
such as a silane coupling agent, a surfactant, and the like.
[0038] Examples of the fine particles of an organic sub-
stance include fine particles of a resin, fine particles de-
rived from natural products, and the like.

[0039] Examples of the component of the fine particle
of a resin include a single polymer of styrene, a vinyl
ketone, acrylonitrile, methyl methacrylate, ethyl methacr-
ylate, glycidyl methacrylate, glycidyl acrylate, methyl
(meth) acrylate, and the like or an interpolymer of two or
more kinds thereof; a fluorine-based resin such as poly-
tetrafluoroethylene, a tetrafluoroethylene-hexafluoro-
propylene copolymer, a tetrafluoroethylene-ethylene co-
polymer and polyvinylidene fluoride; a melamine resin;
a urea resin; a polyethylene; a polypropylene; a poly-
dimethylsiloxane-based macromolecule; a polyester; a
polyamide, and the like. Moreover, the surface of these
fine particles maybe subjected to surface modification
with a surface modifier such as a silane coupling agent,
a surfactant, and the like. Two or more kinds of fine par-
ticles and two or more similar kinds of fine particles dif-
fering in particle size distribution may be mixed.

[0040] Tg of the resin can be adjusted by controlling
the polymerization condition such as the monomer ratio
and the like.

[0041] Examples of the fine particles derived from nat-
ural products include spores of a plant, pollen grains, fine
particles derived from natural waxes, or the like. Moreo-
ver, the surface of these fine particles may be subjected
to surface modification with a surface modifier such as a
silane coupling agent, a surfactant, and the like.

[0042] Itis preferred that the fine particles be fine par-
ticles with a hydrophobic surface. When the surface
thereof is hydrophobic, there is a tendency that the whole
surface of a liquid droplet described below is easily cov-
ered, and a granular adhesive agent can be easily pre-
pared. By subjecting the surface of fine particles with a
hydrophilic surface to a hydrophobization treatment, it is
possible to make the surface of the fine particles hydro-
phobic.

[0043] Asthe fine particle, of the above-mentioned fine
particles, silica, lycopodium, polytetrafluoroethylene and
hydrophobization-treated calcium carbonate particles
are preferred.

[0044] Such fine particles are commercially available.
Examples of a commercial product thereof include silica
particles (NIPPON AEROSIL CO., LTD., RY300), calci-
um carbonate particles (Shiraishi Kogyo Kaisha, Ltd., hy-
drophobization-treated particles), polytetrafluoroethyl-
ene (Sigma-Aldrich Japan Co., LLC.), and the like.
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[0045] The thickness of the shell portion can be deter-
mined from the number average particle diameter of fine
particles, and since there are a case where the shell por-
tion partially allows fine particles to form a single layer
and a case where the shell portion partially allows fine
particles to form plural layers, causing variation in thick-
ness, it is preferred that the average thickness thereof
be determined. The average thickness of the shell portion
is preferably less than or equal to 2 mm and more pref-
erably greater than or equal to 100 nm and less than or
equal to 500 pm. When the average thickness falls within
the above-mentioned range, the granular adhesive agent
is preferred because the morphological stability of the
present adhesive agent is enhanced, and moreover, the
shell portion can collapse by being applied with a mod-
erate stress. In this context, allowing the shell portion to
collapse refers to allowing an adhesive composition con-
stituting the core portion to ooze out to the outside of the
shell portion.

[0046] The average thickness of the shell portion can
be measured by observation with an electron microscope
(atransmission electron microscope, a scanning electron
microscope). In the case where the size of a granule of
the granular adhesive agent is too large, ultrathin slice
samples can be prepared to measure the average thick-
ness of the shell portion.

[0047] The maximum width of a granule of the present
adhesive agent is preferably greater than or equal to 100
pm and less than or equal to 50 mm. The maximum width
thereof is more preferably greater than or equal to 500
wm and further preferably greater than or equal to 1 mm.
Moreover, the maximum width thereof is more preferably
less than or equal to 30 mm, further preferably less than
or equal to 20 mm and still further preferably less than
or equal to 5 mm.

[0048] The volume ofagranule ofthe presentadhesive
agent is preferably greater than or equal to 16 uL and
less than or equal to 6 mL. The volume thereof is pref-
erably greater than or equal to 40 pL and further prefer-
ably greater than orequal to 60 p.L. Moreover, the volume
thereof is more preferably less than or equal to 4 mL and
further preferably less than or equal to 3 mL.

<Method for producing present adhesive agent>

[0049] The present adhesive agent can be produced
by the following steps (1) to (3).

(1) The step of bringing a liquid droplet containing
an adhesive composition into contact with solid par-
ticles,

(2) the step of covering the whole surface of the liquid
droplet containing an adhesive composition with the
solid particles, and

(3) the step of drying the liquid droplet, the whole
surface of which is covered with the solid particles,
containing an adhesive composition, arbitrarily.
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[0050] As the solid particles, solid particles including
fine particles with a number average particle diameter of
less than or equal to 500 pm as the main component are
preferred.

[0051] As the liquid droplet containing an adhesive
composition, a droplet of the adhesive composition may
be directly used, a droplet of a solution prepared by dis-
solving the adhesive composition in water or a solvent
may be used, a droplet of a dispersion liquid prepared
by dispersing the adhesive composition in water or a sol-
vent may be used, and a droplet of a diluted solution
prepared by diluting the adhesive composition with water
or a solvent may be used.

[0052] As a liquid droplet of an adhesive composition
containing a pressure sensitive-type adhesive agent,
usually, a droplet of a solution or a dispersion liquid pre-
pared by dissolving or dispersing the pressure sensitive-
type adhesive agent in water or a solvent is used. Exam-
ples of the solvent include an organic solvent, and ex-
amples thereof include organic solvents that are the
same as those described above.

[0053] The solid content of the liquid droplet containing
an adhesive composition at the time of being brought into
contact with solid particles is usually 5 to 100% by mass,
preferably 10 to 80% by mass, more preferably 20 to 70%
by mass and further preferably 40 to 60% by mass. When
the solid content falls within the above-mentioned range,
the granular adhesive agent is preferred because the
present adhesive agent is easily produced.

[0054] The solid content in the present description re-
fers to the concentration of a component, which is con-
tained in the liquid droplet containing an adhesive com-
position, other than the solvent and water.

[0055] The size of a liquid droplet containing an adhe-
sive composition is preferably greater than or equal to
15 pL and less than or equal to 5 mL. The size thereof
is more preferably greater than or equal to 30 pL and
further preferably greater than or equal to 50 pL. More-
over, the size thereof is more preferably less than or equal
to 3 mL and further preferably less than or equal to 2 mL.
[0056] With regard to the method of bringing a liquid
droplet containing an adhesive composition into contact
with solid particles including fine particles with a number
average particle diameter of less than or equal to 500
pm as the main component, liquid droplets containing an
adhesive composition may be sprayed onto an aggregate
of solid particles by means of a sprayer or the like, and
may be dropped onto an aggregate of solid particles.
[0057] The whole surface of the liquid droplet contain-
ing an adhesive composition needs only to be covered
with solid particles, and usually, the whole surface thereof
is covered with solid particles by allowing the liquid drop-
let containing an adhesive composition to be rolled on
the solid particles.

[0058] The liquid droplet, the whole surface of which
is covered with solid particles, containing an adhesive
composition may be dried. In the case where a solvent
or water is contained in the liquid droplet containing an
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adhesive composition, it is preferred that the liquid drop-
let be dried. Drying may be performed before being ap-
plied with a stress, and may be performed after being
applied with a stress.

[0059] In the present description, "drying" means re-
moving water or a solvent from the liquid droplet, which
is covered with the solid particles, containing an adhesive
composition. The water or the solvent may be completely
removed, but may remain at a certain degree of not low-
ering the adhesive properties of the adhesive agent. Ex-
amples of the drying method include a method of allowing
the granular adhesive agent to stand at a temperature
not causing the chemical and physical properties of the
adhesive composition and the solid particles to be
changed; a method of exposing the granular adhesive
agent to warm air, hot air or low-humidity air; a method
of allowing the granular adhesive agent to be dried under
vacuum; a method of allowing the granular adhesive
agent to be freeze-dried; a method of irradiating the gran-
ular adhesive agent with infrared rays, far infrared rays,
an electron beam or the like, and the like. The drying
temperature is preferably 10 to 200°C and more prefer-
ably 20 to 100°C.

[0060] The solid content of the adhesive composition
contained in the present adhesive agent after being dried
is usually 10 to 100% by mass, preferably 20 to 100%
by mass, more preferably 40 to 100% by mass and further
preferably 60 to 100% by mass.

[0061] The presentadhesive agent thus obtained usu-
ally has a spherical shape or an oblate sphere-like shape
in the atmosphere, and has no adhesive force. With re-
gard to the present adhesive agent, the shell portion col-
lapses by being applied with a stress, and then, the ad-
hesive force is developed by allowing the adhesive com-
position constituting the core portion to come out to the
outside of the shell portion.

[0062] Fig. 1is a schematic view showing a granule of
the granular adhesive agent according to the present in-
vention. In the schematic view, w represents the maxi-
mum width of a granule of a granular adhesive agent 1,
b represents the ground contact width thereof and h rep-
resents the height thereof.

[0063] The magnitude of the stress applied for allowing
the adhesive force to be developed is appropriately se-
lected according to the application of the present adhe-
sive agent. The magnitude of the stress applied for al-
lowing the adhesive force to be developed can be ad-
justed by selecting the kind, shape and size of the solid
particle constituting the shell portion, the viscosity of the
adhesive composition, the contact angle of a droplet of
the adhesive composition or a liquid droplet containing
the adhesive composition on the surface of agglomerated
fine particles, the average thickness of the shell portion,
and the like.

[0064] The stress required for allowing the adhesive
force of the present adhesive agent to be developed
needs only to be almost comparable to a stress allowing
a sufficient amount of the adhesive composition consti-
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tuting the core portion, which enables the adhesive force
to be developed, to come out to the outside of the shell
portion, and for example, needs only to be almost com-
parable to a stress that can be applied when being
crushed by fingers of a person. Specifically, the stress is
preferably 1to 1000 kN/m2 and more preferably 5 to 100
kN/m2. When the stress falls within the above-mentioned
range, after the granular adhesive agent is coated on an
adherend member, the adhesive force can be easily de-
veloped by being applied with a stress.

[0065] The presentadhesive agent can be used for an
adhesive for an automobile, an adhesive for a building
material, the engagement of the bearing, the fixation of
a pipe, the looseness prevention of a screw, the fixation
of a gear or a propeller, the assembly of furniture, a fall
down prevention member (measures against earth-
quake), a provisional tacking material for goods on dis-
play, an article of stationery, and the like.

[0066] Theadhesive agentofthe presentinventioncan
be interposed between adherends to be used. For ex-
ample, the presentadhesive agentisinterposed between
one adherend member (hereinafter, referred to as an ad-
herend member A) and another adherend member (here-
inafter, referred to as an adherend member B), and by
allowing the two adherend members to be pressed
against each other and applying a stress to the present
adhesive agent, the adherend member A and the adher-
end member B can be bonded together. In this context,
the adherend member A and the adherend member B
may be the same as or different from each other.
[0067] Moreover, the present adhesive agent is inter-
posed between an adherend member A and a release
member, and by allowing the adherend member A and
the release member to be pressed against each other
and applying a stress to the present adhesive agent, an
adhesive composition constituting the core portion can
be spread out over the surface of the adherend member
A. Afterward, the release member can be removed. After
arelease agentis removed, an adherend member B may
be bonded.

[0068] Itis also possible to obtain a film by spreading
out granules of the present adhesive agent on a plane
and allowing the present adhesive agent to be applied
with a stress. In this context, granules of the present ad-
hesive agent are usually spread out over a plane surface
of an adherend member. The stress is usually applied to
granules through a release member, after which the re-
lease member is removed.

[0069] Furthermore, an adherend member B may be
bonded onto the film.

[0070] It is also possible to form a coating film by al-
lowing the film to be cured. For example, the surface of
an adherend member can be covered with a cured prod-
uct of the adhesive composition.

EXAMPLES

[0071] Hereinafter, the present invention will be de-
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scribed with reference to examples. "%" and "part(s)" in
examples refer to % by mass and part(s) by mass, re-
spectively, unless otherwise stated.

(Example 1)
<Preparation of adhesive composition>

[0072] A mixed solution of 0.05 parts of ammonium
peroxide and 5 parts of ion-exchanged water was added
to a mixed solution of 45 parts of ion-exchanged water
and 5 parts of butyl acrylate (BA). Afterward, the mixture
was stirred (stirring rate: 250 rpm) for 24 hours at 65°C
to perform a polymerization reaction. The mixture ob-
tained was allowed to pass through a dialysis membrane
(cut-off molecular weight: one hundred thousand) to per-
form dialysis and was purified to obtain a polybutyl acr-
ylate emulsion (1). The solid content of the polybutyl acr-
ylate emulsion (1) obtained was determined to be 45%,
and the volume average particle diameter (Dv) of the
dispersoid, which was measured using a laser diffraction
type particle size distribution measuring apparatus (prod-
uct name "Mastersizer2000" available from Malvern In-
struments Ltd), was determined to be 250880 nm. The
solid content was measured by a gravimetric method.

<Preparation of granular adhesive agent>

[0073] Calcium carbonate particles with a number av-
erage particle diameter of 120 nm (hydrophobization-
treated particles, available from Shiraishi Kogyo Kaisha,
Ltd.) were thinly spread on a petri dish. Onto the calcium
carbonate particles, 0.180 parts of the polybutyl acrylate
emulsion (1) was dropped. Aliquid droplet of the polybutyl
acrylate emulsion (1) dropped was rolled for 30 seconds
on the calcium carbonate particles to obtain a granular
adhesive agent (1) in which the whole outer surface of
the liquid droplet of the polybutyl acrylate emulsion was
covered with calcium carbonate particles. The granular
adhesive agent (1) was dried for 24 hours at 55°C to
remove the solvent, and a granular adhesive agent (2)
with an oblate sphere-like shape, in which the whole outer
surface of the granule of polybutyl acrylate was covered
with calcium carbonate particles, was obtained. Granules
of each of the granular adhesive agents (1) and (2) were
measured for the size with vernier calipers. As each of
the maximum width (w) and the ground contact width (b),
an average value of 50 granules of the granular adhesive
agentis adopted, and as the height (h), an average value
of 3 granules of the granular adhesive agent is adopted.
[0074] Granular adhesive agent (1): the maximum
width 9.0 mm, the ground contact width 8.2 mm, the
height 4.1 mm

[0075] Granular adhesive agent (2): the maximum
width 7.5 mm (standard deviation 0.5 mm), the ground
contact width 8.8 mm, the height 3.8 mm

[0076] The calcium carbonate particles were uniformly
spread out with no clearance on a plane, and the contact
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angle of aliquid droplet of the polybutyl acrylate emulsion
(1) thereon was measured using a contact angle meter
(product name "Slmage 02", available from Excimer
Inc.), whereupon the contact angle was determined to
be 133°.

[0077] With regard to the number average particle di-
ameter of the calcium carbonate particles, the circle
equivalent diameter was measured in the following man-
ner using an electron microscope. Images obtained by
observing 200 calcium carbonate particles with a trans-
mission electron microscope were analyzed with the
product name "Motic Images Plus 2.2s" available from
SHIMADZU RIKA CORPORATION to measure the circle
equivalent diameter.

[0078] In this connection, the calcium carbonate parti-
cles had no adhesive force at atemperature of lower than
or equal to 80°.

<Evaluation for adhesivity of granular adhesive agent>

[0079] Granules of the granular adhesive agent (2)
were wrapped in a sheet of release paper (Release paper
glassine type available from LINTEC Corporation) and
kneaded by fingers for 30 seconds to be applied with a
stress, and an adhesive agent (1) was obtained.

[0080] The adhesive agent (1) obtained was evaluated
for the adhesive force in the following manner using a
probe tack tester (product name "TE-6002", TESTER
SANGYO CO., LTD.).

[0081] A prescribed amount of the adhesive agent (1)
was disposed at the tip of the probe. Moreover, a weight
(50 g) with a bobbin-like shape to which a sheet of cover
glass was fixed was disposed so that the sheet of cover
glassfacesthe adhesive agent(1). By allowing the weight
with abobbin-like shape, to which the sheet of cover glass
was fixed, to fall at a constant rate (10 mm/second), the
probe, at the tip of which the adhesive agent (1) was
disposed, was allowed to push up the sheet of cover
glass, and the adhesive agent (1) disposed at the tip of
the probe and the sheet of cover glass were brought into
contact with each other at a constant load (50 g) (the
contact time: 30 seconds). Afterward, by allowing the
weight with a bobbin-like shape, to which the sheet of
cover glass was fixed, to rise at a constant rate (10
mm/second), the tackiness agent (1) was separated from
the sheet of cover glass. A tack value was calculated
from the maximum stress in a stress-displacement curve
measured at this time, and energy required for the sep-
aration was calculated from the area value of the curved
line.

[0082] As a result, the tack value and the energy re-
quired for the separation were determined to be 7 N and
30 N/mm, respectively.

[0083] Granules of the granular adhesive agent (2),
which were applied with no stress, were evaluated in the
same manner.

[0084] As a result, the tack value and the energy re-
quired for the separation were determined to be 0 N and
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0 N/mm, respectively.
(Example 2)

[0085] A granular adhesive agent (3) with an oblate
sphere-like shape was obtained under the same condi-
tion as that for Example 1 except that a synthetic resin
emulsion (trade name "Mowinyl (registered trademark)
461" available from The Nippon Synthetic Chemical In-
dustry Co., Ltd., the main component: acryl, viscosity 500
to 1500 mpas, the non-volatile component: 64%) con-
taining water as the solvent was used as the emulsion.
In the same manner as that for the granular adhesive
agent (1), granules of the granular adhesive agent (3)
were measured for the size with vernier calipers.
[0086] Granular adhesive agent (3): the maximum
width 2.5 mm, the ground contact width 0.8 mm, the
height 1.4 mm

[0087] The calcium carbonate particles were uniformly
spread out with no clearance on a plane, and the contact
angle of a liquid droplet of the "Mowinyl 461" thereon was
measured using the contact angle meter, whereupon the
contact angle was determined to be 128°.

[0088] Granules of the granular adhesive agent (3)
were wrapped in a sheet of release paper and kneaded
by fingers for 30 seconds to be applied with a stress. With
regard to an adhesive agent (2) obtained, the tack value
and the energy required for the separation were deter-
mined to be 0.26 N and 0.07 N/mm, respectively.
[0089] In this connection, as a result of allowing gran-
ules of the granular adhesive agent, which were applied
with no stress, to be evaluated in the same manner, the
tack value and the energy required for the separation
were determined to be 0 N and 0 N/mm, respectively.

(Example 3)

[0090] A granular adhesive agent (4) with an oblate
sphere-like shape was obtained under the same condi-
tion as that for Example 1 except that a synthetic resin
emulsion (trade name "Mowinyl (registered trademark)
490" available from The Nippon Synthetic Chemical In-
dustry Co., Ltd., the main component: acryl, viscosity
4000 to 6000 mpas, the concentration of the non-volatile
component: 62%) containing water as the solvent was
used as the emulsion. In the same manner as that for
the granular adhesive agent (1), granules of the granular
adhesive agent (4) were measured for the size with ver-
nier calipers.

[0091] Granular adhesive agent (4): the maximum
width 2.8 mm, the ground contact width 1.0 mm, the
height 1.2 mm

[0092] The calcium carbonate particles were uniformly
spread out with no clearance on a plane, and the contact
angle of a liquid droplet of the "Mowinyl 490" thereon was
measured using the contact angle meter, whereupon the
contact angle was determined to be 131°.

[0093] Granules of the granular adhesive agent (4)
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were wrapped in a sheet of release paper and kneaded
by fingers for 30 seconds to be applied with a stress. With
regard to an adhesive agent (3) obtained, the tack value
and the energy required for the separation were deter-
mined to be 0.87 N and 0.07 N/mm, respectively.
[0094] In this connection, as a result of allowing gran-
ules of the granular adhesive agent, which were applied
with no stress, to be evaluated in the same manner, the
tack value and the energy required for the separation
were determined to be 0 N and 0 N/mm, respectively.
[0095] These results reveal that the present adhesive
agent before being applied with a stress has no adhesive
force and the present adhesive agent applied with a
stress has an adhesive force. That is, the present adhe-
sive agent is an adhesive agent excellent in handling
properties. Moreover, the adhesive force thereof can be
controlled so as to fall within a wide range.

INDUSTRIAL APPLICABILITY

[0096] The granular adhesive agent according to the
present invention is useful since the granular adhesive
agent is easy to be handled as compared with a conven-
tional adhesive agent and is excellent in handling prop-
erties.

DESCRIPTION OF REFERENCE SIGN
[0097]

1  Granule of granular adhesive agent

Claims

1. Agranularadhesive agent comprising a core portion
and a shell portion,
wherein the core portion comprises an adhesive
composition and the shell portion is formed from solid
particles.

2. The granular adhesive agent according to claim 1,
wherein the solid particles comprises hydrophobic
fine particles.

3. Thegranular adhesive agent according to claim 1 or
2, wherein the shell portion is formed from solid par-
ticles with a number average particle diameter of less
than or equal to 500 pum.

4. The granular adhesive agent according to any one
of claims 1 to 3, wherein the shell portion is formed
from solid particles comprising fine particles with a
number average particle diameter of less than or
equal to 500 pm as the main component.

5. The granular adhesive agent according to any one
of claims 1 to 4, wherein the contact angle of a droplet
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of the adhesive composition or a liquid droplet con-
taining the adhesive composition on the surface of
agglomerated fine particles is greater than or equal
to 90°.

6. The granular adhesive agent according to any one
of claims 1 to 5, wherein the fine particles are fine
particles having no adhesive force under an atmos-
phere of 30°C.

7. The granular adhesive agent according to any one
of claims 1 to 6, wherein the fine particles have a
number average particle diameter of greater than or
equal to 10 nm and less than or equal to 500 pm.

8. The granular adhesive agent according to any one
of claims 1 to 7, wherein the maximum width of the
granular adhesive agent is greater than or equal to
100 wm and less than or equal to 50 mm.

9. The granular adhesive agent according to any one
of claims 1 to 8, wherein the volume of the adhesive
composition is greater than or equal to 15 pL and
less than or equal to 5 mL.

10. The granular adhesive agent according to any one
of claims 1 to 9, wherein the fine particles are fine
particles of an inorganic substance.

11. The granular adhesive agent according to any one
of claims 1 to 9, wherein the fine particles are fine
particles of an organic substance.

12. The granular adhesive agent according to any one
of claims 1 to 11, which has been dried.

13. The granular adhesive agent according to any one
of claims 1 to 13, wherein the adhesive force is de-
veloped by being applied with a stress.

14. A method for producing a granular adhesive agent
comprising the following steps (1) and (2) of;

(1) bringing a liquid droplet containing an adhe-
sive composition into contact with solid particles,
and

(2) covering the whole outer surface of the liquid
droplet containing an adhesive composition with
the solid particles.

15. The method for producing a granular adhesive agent
according to claim 14, further comprising the step
(3) of;

(3) drying the liquid droplet containing an adhe-
sive composition which has been covered the
whole surface with the solid particles.
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17.

18.

19.

20.
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The method for producing a granular adhesive agent
according to claim 14 or 15, wherein the solid parti-
cles are composed mainly of fine particles with a
number average particle diameter of less than or
equal to 500 pm.

Agranular adhesive agent which allows the adhesive
force to be developed by being applied with a stress,
the granular adhesive agent having solid particles
with an outer surface having no adhesive force.

The granular adhesive agent according to claim 17,
wherein fine particles included in the solid particles
have a number average particle diameter of greater
than or equal to 10 nm and less than or equal to 500
pm, and the maximum width ofthe granular adhesive
agent is greater than or equal to 100 um and less
than or equal to 50 mm.

A film which is formed by spreading out a granular
adhesive agent according to any one of claims 1 to
13 in a plane and applying a stress to the granular
adhesive agent.

A coating film which is formed by curing the film ac-
cording to claim 19.
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